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Abstract | The aim of this study was to measure the concentration of the plasma D-dimer in healthy horses and
in horses with colic and to compare it before and after therapy. Thirty-two horses were included; 22 horses showed
signs of abdominal pain. Horses were grouped according to clinical and laboratory examination results into healthy
horses (Group I, n=10); horses with colic associated with enteritis and/or colitis (Group 1II, n=16) were presented
with moderate intermittent abdominal pain with increased peristalsis and increased frequency of defecation; horses
with colic associated with impaction of the intestine (Group III, n=6) were presented with severe abdominal pain and
decreased fecal output. There was significant increase in the concentration of plasma D-dimer in horses with impaction
of the intestine and horses with enteritis and/or colitis compared to clinically healthy horses. Therapeutic trials resulted
in improvement of the D-dimer concentration where the concentration of plasma D-dimer was significantly decreased
in horses with enteritis and/or colitis and in horses with impaction of the intestine after therapy compared to its
concentration before therapy. In conclusion, D-dimer is a sensitive marker for detection of excessive fibrinolysis in
horses. Higher concentration of plasma D-dimer is observed in severe cases of colic and might reflect poor prognosis.
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INTRODUCTION

he equine abdominal pain is one of the most impor-

tant conditions affecting horses and may lead to death
(Salem et al., 2017). The most important process that
might lead to death of horses due to colic is the haemostat-
ic dysfunction which resulted in vein thrombosis (Prasse
et al., 1993; Collatos et al., 1994). Haemostasis involves
fibrin deposition and its removal from circulation, the end
products of fibrinolysis is D-dimer which is considered the
most sensitive marker of coagulopathies in human medi-
cine especially deep vein thrombosis (Mousa et al., 2017).
D-dimer is formed by the breakdown of cross-linked fi-
brin by plasminogen during finbrinolysis (Stokol, 2003).
In equine medicine, it has been used as an important tool
for detection of abnormal coagulation process in horses
with colic (Welch et al., 1992). Previous studies on equine
colic have proven the importance of fibrinolysis markers

for evaluating the hypercoagulation state (Sandholm et al.
, 1995; Goldman et al., 1995; Armengou et al., 2008; Del-
gado et al., 2009 *¢?; Cesarini et al., 2010; Cesarini et al.,
2014; Cesarini et al., 2016).

'The objective of the present study was to measure the con-
centration of the plasma D-dimer in healthy horses and in
those with colic and to compare its concentration before
and after therapy.

MATERIALS AND METHODS

ANIMALS

A total of 32 horses examined from the period between
July 2015 and July 2017 were included in the present study.
Horses were grouped according to the results of the gener-
al clinical examination and the diagnosis. Ten horses were
apparently healthy used as control horses (Group I) and 22
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horses were presented with signs of colic included horses
with enteritis and/or colitis (Group II, n=16), horses with
impaction of the intestine (Group III, n=6). Horses with
lesions other than gastrointestinal disorders were not in-
cluded. Colicky horses were presented with signs of uncon-
trolled abdominal pain, tachycardia and congested mucous
membrane. Case history, complete physical examination,
laboratory analysis, abdominal ultrasonography, rectal ex-
amination and postmortem for horses that died were per-
formed. The owners signed client consent before samples
collection and animal handling. The study was approved by
the Animal Care Committee at Zagazig University.

SAMPLE COLLECTION

Blood samples were collected from the jugular vein through
jugular venipuncture into 3.2% coagulation sodium cit-
rate tubes (Vacuette’, Greiner Bio-One Middle East, Egypt).
Whole blood samples were used for complete blood count
(CBC) including hemoglobin concentration (Hgb), eryth-
rocyte count (RBCs), erythrocyte indices including mean
corpuscular volume (MCV'), mean corpuscular hemoglo-
bin (MCH), mean corpuscular hemoglobin concentration
(MCHC) with an automatic analyzer (HA-Vet Clindiag,
Clindiag Systems B.V.B.A, Belgium). Leucocytic count and
differential count was performed by staining blood smears
with Giemsa stain. Plasma was collected by centrifugation
of samples at 3000 rpm/10 min and used for D-dimer as-
say. Blood samples were collected from each horse in two
instance; one during the first clinical examination and the
second samples after 10 days during follow-up. Samples
were stored under -20°C until analyzed.

MEASUREMENT Prasma D-DimMERr
CONCENTRATION

D-dimer was measured in plasma samples using chemi-
luminescent microparticle immunoassay (Abbott, Archi-
tect i2000, Abbott Diagnostics, 1llinois, USA) according to
manufacturer’s instruction. The results of D-dimer are ex-

pressed as ng/mL.

OF

ULTRASONOGRAPHIC EXAMINATION

Ultrasound examination of the abdomen was performed
for all horses included in the present study. Each animal
was prepared for ultrasound examination. Ultrasound cou-
pling gel was used to facilitate ultrasound beam penetration.
Ultrasound scanner (WED, WELLD®, Shenzhen Well
D Medical Electronics Co., Ltd., China) equipped with
trans-abdominal scanning head (3.5 MHz) was used in the
present study. All abdominal organs including stomach,
small intestine, large intestine and peritoneal cavity were

examined according to methods reported by Shety (2007).

STATISTICAL ANALYSIS
Data were collected and analyzed using SPSS software

(SPSS for windows, Version 17.0). The data are expressed
as mean * standard error of mean (SEM). The laborato-
ry data in healthy horses was compared with those with
enteritis and/or colitis and horses with impaction of the
intestine using one way ANOVA followed by Duncan
Post Hoc Multiple Comparison. In addition, the D-dim-
er concentration before and after therapy were compared
using Wilcoxon rank test for paired measures. The quan-
titative measures including age, weight and height were
presented in the results as mean + SEM for descriptive
purposes. While, qualitative data like gender and diagno-
sis, descriptive statistics was based on frequencies and per-
centages. Significance was set at P<0.05.

RESULTS

During the study period, 32 horses met the inclusion cri-
teria were included in the present study. The age of the
whole population was ranged from 3-11 years (mean age
of 7.5+1.3 years). The whole population was belonged to
draft breeds. The gender distribution was 19 mare (59.5%),
10 stallion (31%) and 3 geldings (9.5%). The diagnosis
was based on the results of clinical examination, labora-
tory analysis, rectal examination, ultrasonographic exam-
inations and in two cases was supported by postmortem
findings. Ten horses (31.25%) were control horses (Group
I); diseased horses included 16 horses (50%) with severe
colic due to enteritis and/or colitis (Group II) and 6 hors-
es (18.75%) with colic due to impaction of the intestine

(Group III) (Table 1).

'The horses in the control group (Group I) were apparently
healthy horses with no evidence of gastrointestinal disor-
ders, normal clinical examination results and normal labo-
ratory results. Horses with signs of intermittent moderate
abdominal pain, loss of appetite, soft feces, straining dur-
ing defecation, increased peristaltic activity, increased fre-
quency of defecation and in some case enterogastric reflux
were assigned to enteritis and/or colitis group (Group II).
Horses with signs of reduced fecal output, abdominal dis-
tension, stretching, rolling was compatible with impaction
of the intestine (Group III) and on rectal examination an
impacted intestinal segment was palpated.

The clinical examination was performed for all horses.
The results of clinical examination revealed no significant
changes in the mean values of temperature (p=0.976) and
capillary refill time (p=0.988), and significant changes in
heart rate (p=0.036) and respiration rate (p=0.014). Tem-
perature (°C) was 37.6 = 0.4,37.9 + 0.9 and 38.1 = 1.1
in control horses, horses with enteritis and/or colitis and
horses with impaction of the intestine, respectively. Heart
rate (beats per min) was 34 + 5.2,48 + 10.2 and 61 + 7.4 in
control horses, horses with enteritis and/or colitis and ho-
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Table 1: Selected clinical parameters observed during clinical examination of healthy horses (Group I), horses with
colic associated with enteritis and/or colitis (Group II) and horses with colic associated with impaction of the intestine

(Group III). Values are expressed as mean + SEM.

Variable Group I GroupIl  Group III ANOVA Significance
n= 10 (31.25%) 16 (50%) 6 (18.75%) =
Age (years) 7.3+0.45 45+1.5 9 +0.61 -
Sex Mare 6 9 4 =
Stallion 3 5 2 =
Gelding 1 2 = =
Temperature (°C) 37.6+0.4 37.9+09 381+1.1 P=0.976
Heart rate (beats/min) 34+5.2 48 +10.2 61+7.4 P=0.036
Respiration rate (breaths/min) 12+3.6 28 +4.5 34+ 4 P=0.014
CRT (sec) < 2 sec < 2 sec < 2 sec P=0.988

Table 2: Selected hematological parameters measured
in clinically healthy horses (Group I), horses with colic
associated with enteritis and/or colitis (Group II) and
horses with colic associated with impaction of the intestine
(Group III). Values are expressed as mean + SEM.Means
having the same superscript are not significantly different
from each other.

Parameters Groupl  GroupIl  Group ANOVA
111 Signifi-
cance

Erythro- 743 + 7.52+01* 7.4+0.1* 0.953

cytes (x10/ 0.3

ul)

Hemoglo-  10.7 = 10.6 + 0.4* 11.4 = 0.972

bin (g/dL)  0.2° 0.42

Hematocrit  32.6 + 35.4+0.2> 35.59 0.003

(%) 0.65° 0.8

MCV (fL) 46.5+ 454+04 4592+«  0.723
1.1 1.2¢

MCH (pg) 1498+ 1512« 15.2 + 0.722
0.3 0.2 0.1

MCHC (%) 3245+  33.1+0.6* 33.9+ 0.945
0.9 0.7

Leucocytes 6.4 = 8.42 +0.6> 9.75 = 0.001

(x10%ulL)  0.25° 0.8

Neutrophils  55.6 = 61.8+0.7° 64.8 % 0.041

(%) 0.2 0.4

Lympho-  25.6 + 284+02° 3842+  0.038

cytes (%) 0.6 0.6°

Monocytes  2.4+0.1*° 25+0.1* 2.73= 0.864

(%) 0.2

Eosinophils 1.9+0.4* 1.6+0.1* 09+0.2* 0.923

(%)

Basophils 0.3 = 03+0.2* 05+ 0.862

(%) 0.01° 0.02¢

rses with impaction of the intestine, respectively. Respira-

tion rate (breaths per min) was 12 + 3.6,28 + 4.5 and 34 =
4 in control horses, horses with enteritis and/or colitis and
horses with impaction of the intestine, respectively (Table

1).

The results of CBC showed significant changes in he-
matocrit %, leucocytic count, neutrophils % and lympho-
cyte % in horses with colic (group II and III) compared
to clinically healthy horses. Meanwhile, other parameters
including erythrocyte count, hemoglobin, MCV, MCH,
MCHC, monocyte %, eosinophils % and basophils % were
not significantly changed in all groups (Table 2).

Table 3: Plasma D-dimer concentration in healthy horses
(Group I), horses with colic associated with enteritis and/
or colitis (Group II) and horses with colic associated with
impaction of the intestine (Group III) before and after
therapy, values are expressed as mean + SEM (Min.— Max.).
Means having the same superscript are not significantly
different from each other.

D-dimer(ng/ Group Group Group ANOVA
mL) I II III Sig.
Before therapy 278.02 + 516.89 + 1481.60 0.001
29.29*  46.83" +114.01°
(40 - (130 - (735 -
825) 859) 1639)
After therapy - 31226 + 46892+ -
15.32 92.15
(124 - (368 -
658) 622)
0.040 0.000 Wilcoxon
rank test
Sig.

There was significant increase in plasma D-dimer concen-
tration in horses with impaction of the intestine (1481.60
+ 114.01 ng/mL) and in horses with enteritis and/or coli-
tis (516.89 + 46.83 ng/mL) compared to clinically healthy
horses (278.02 + 29.29 ng/mL). In addition, there was
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significant decrease in plasma D-dimer concentration in
horses with enteritis and/or colitis and in horses with im-
paction of the intestine after therapy compared to before

therapy (Table 3).

On ultrasonography, there was significant increase in the
intestinal wall thickness in case of enteritis and/or colitis
horses with presence of anechoic intestinal contents con-
sistent with excess fluids (Figure 1). In horses with impac-
tion of the intestine there were significant marked increase
in the diameter of the intestine, ranged from 4-8.2 cm with
decreased motility except in 2 horses that were died, com-
plete atony of intestine were observed in both cases (Figure
2 and 3). This was confirmed in 2 cases that was died af-
ter the first clinical examination, postmortem examination
was performed, food mass was found engorged in the pel-
vic flexure of the colon with presence of congested mucosa.

Figure 1: Ultrasonographic image of the left abdomen
of horses with colic associated with enteritis and/or
colitisusing 3.5 MHz transducer. The intestinal loops
appear distended with fluid contents; the intestinal wall
is slightly thickenedand corrugated. Increased intestinal
motility of the intestinal loops was detected on the screen.

RSN -

—— %
Figure 2: Ultrasonographic image of the left abdomen
of horses with colic associated with impaction of the
intestineusing 3.5 MHz transducer. There was marked
distension of the descending colon with ingested materials

that appeared hypo to hyperechoic. The intestinal loop

diameter exceeds 8 cm.
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Figure 3: Ultrasonographic image of the left abdomen
of horses with colic associated with impaction of the
intestine using 3.5 MHz transducer. The intestinal loops
were distended with fluid and food particlesand prominent
signs of ileus.

DISCUSSION

Equine colic is a challenging for practitioners and for own-
ers, predicting the prognosis of horses with colic reflects
the probability of survival for equine colic patients (Furr
et al., 1995). There are numerous variables that reflect the
health status of a horse with colic including cardiovascular
status (heart rate, mucous membrane) and different blood
parameters. One of the most important determinants for
prognosticating an equine colic patient is the haemostatic
profile (Johnstone and Crane, 1986). Haemostatic abnor-
malities are common in horses with gastrointestinal dis-
ease and colic and the severity of abnormalities depends
on the cause and the progress of illness (Johnstone and
Crane, 1986). A hypercoagulation state is usually devel-
oped during the progress of colic in horses and it refers to
disseminating intravascular coagulation (DIC) (Cesarini
etal.,2010). The hypercoagulation and increased fibrinoly-
sis can be assessed by measuring the concentration of plas-
ma D-dimer, which is very useful in acute gastrointestinal
disorders, laminitis and in septic foals (Stokol et al., 2005).

In the present study, horses were categorized according to
results of clinical examination, laboratory analyses and ul-
trasonographic findings. Horses in group I was clinically
healthy and showed normal clinical examination and nor-
mal laboratory results. The horses with signs of enteritis
and/or colitis (group II) were presented with signs of in-
termittent moderate abdominal pain, loss of appetite, soft
feces, straining during defecation (IMakinen et al., 2008).
Reduced fecal output, abdominal distension, stretching,
rolling and on rectal examination an impacted intestinal
segment were palpated these signs were compatible with
impaction of the intestine (Group III) (Hallowell, 2008).

The gender variability in the study population included
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59.5% mares, which indicate that mares are more liable
to colic than stallions and geldings, although, Abutarbush
et al. (2005) stated that geldings are more predisposed to
colic than mares and stallions which was not attributed to
known reasons. On the other hand, Tinker et al. (1997)
stated that there were no association between gender and
incidence of colic.

The heart rate and the respiration rate were significantly
increased in horses with colic compared to healthy horses;
this was attributed to cardiovascular involvement and en-
dotoxaemia developed during disease progress beside the
effort during colic attacks (Hesselkilde et al., 2014).

'The hematocrit values were significantly increased in hors-
es with enteritis and/ colitis and in horses with impaction
of the intestine compared to clinically healthy horses, this
increase in hematocrit value results in increased whole
blood viscosity which may indicate severely compromised
regional tissue perfusion with subsequent tissue damage
(Andrews et al., 1990). In addition, the increase in hemat-
ocrit values might result from remarkable dehydration that
occurs during the progress of colic (Parry, 1987).

'The abdominal ultrasonography was an important meth-
od for providing an insight into the colic patients due to
enteritis and/or colitis and those with impaction of the
intestine. In horses with enteritis and/or colitis, the small
intestine were significantly dilated and imaged ultrasono-
graphically with thickened walls and the contents were
fluidier. This was in agreement to those results obtained
by Cavalleri et al. (2013). The accumulation of dehydrat-
ed ingesta in small diameter portions of the intestine can
be palpated during rectal examination of a horse with im-
paction of the intestine (Plummer, 2009; Monreal et al.,
2010).The ultrasonographic image of the intestine in hors-
es with impaction of the intestine revealed marked increase
in intestinal diameter with increased motility; this was in
agreement with results obtained by Sheats et al. (2010).

'The D-dimer was considered a useful prognostic marker
for horses with colic and it might detect the severity of col-
ic. The plasma D-dimer concentration in the present study
was significantly increased in horses with colic associated
with enteritis and/or colitis and those with impaction of
the intestine which indicates hypercoagulation state and
increased fibrinolysis activity as a consequence of increased
fibrin formation, this was in agreement with previous
studies by Cesarini et al. (2010); Cesarini et al. (2014). The
hypercoagulation state might develop to DIC, thrombo-
embolism and ischemia and this worsens the prognosis
(Cotovio et al., 2007). In previous studies D-dimer was
measured in peritoneal fluid samples of horses with col-
ic, the results showed increased D-dimer concentration in
peritoneal fluid in horses with colic (Delgado et al., 2009%).

'The increase in D-dimer concentration in peritoneal fluid
of horses with colic was recorded in a previous studies by
Delgado et al. (2009**¢*), which is an indicator of an active
fibrinolysis where D-dimer as a fibrin degradation prod-
ucts produced by lysis of cross-linked fibrin by the action

of plasmin.
CONCLUSION

It was concluded that plasma D-dimer concentration was
higher in horses with colic compared to clinically healthy
horses. Higher concentrations of D-dimer are consistent
with poor prognosis. In addition, the ultrasonography of
the abdomen provides an accurate insight to diagnose
horses with colic. Difterent inflammation markers are nec-
essary to provide a full insight into the enteritis and colitis
patients.
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